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1
HIGH VOLTAGE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a divisional application which claims
benefit of copending U.S. patent application Ser. No. 13/276,
301, filed Oct. 18, 2011, which is herein incorporated by
reference for all purposes.

BACKGROUND

Lateral Double-Diffused (LD) transistors have been
widely employed in high voltage applications. The perfor-
mance of the LD transistors depends on the drain-to-source
on-resistance (Rds,,) as well as breakdown voltage. For
example, low Rds,, results in high switching speed while
high breakdown voltage increases voltage capabilities.

Conventional techniques in achieving high breakdown
voltage results in an increased distance between the drain and
the gate. This, however, concomitantly increases Rds,,,
undesirably decreasing switching speed.

The disclosure is directed to transistors with fast switching
speed and high breakdown voltage.

SUMMARY

A method of forming a device is presented. The method
includes providing a substrate having a device region. The
device region includes a source region, a gate region and a
drain region defined thereon. The substrate is prepared with
gate layers on the substrate. The gate layers are patterned to
form a gate in the gate region and a field structure surrounding
the drain region. A source and a drain are formed in the source
region and drain region respectively. The drain is separated
from the gate on a second side of the gate and the source is
adjacent to a first side of the gate. An interconnection to the
field structure is formed. The interconnection is coupled to a
potential which distributes the electric field across the sub-
strate between the second side of the gate and the drain.

A method of forming a device is disclosed. The method
includes providing a substrate having a device region. The
device region includes a source region, a gate region and a
drain region defined thereon. A drift well is formed in the
substrate between the gate and drain region. Gate layers are
deposited on the substrate and patterned to form a gate in the
gate region and a field structure surrounding the drain region.
A source and a drain are formed in the source region and drain
region respectively. The drain is separated from the gate on a
second side of the gate and the source is adjacent to a first side
of'the gate. An interconnection to the field structure is formed.
The interconnection is coupled to a potential which distrib-
utes the electric field across the substrate between the second
side of the gate and the drain.

A device is presented. The device includes a substrate
having a device region. The device region comprises a source
region, a gate region and a drain region defined thereon. The
device also includes a field structure surrounding the drain
region. A source and a drain are in the source region and drain
region respectively. The drain is separated from the gate on a
second side of the gate and the source is adjacent to a first side
of'the gate. The device also includes an interconnection to the
field structure. The interconnection is coupled to a potential
which distributes the electric field across the substrate
between the second side of the gate and the drain.

These and other objects, along with advantages and fea-
tures of the present invention herein disclosed, will become
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2

apparent through reference to the following description and
the accompanying drawings. Furthermore, it is to be under-
stood that the features of the various embodiments described
herein are not mutually exclusive and can exist in various
combinations and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS

Inthe drawings, like reference characters generally refer to
the same parts throughout the different views. Also, the draw-
ings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention.
In the following description, various embodiments of the
present invention are described with reference to the follow-
ing drawings, in which:

FIGS. 1a-b show an embodiment of a device;

FIG. 1¢ shows another embodiment of a device;

FIGS. 2a-b show yet another embodiment of a device;

FIGS. 3a-b show other embodiments of a device;

FIGS. 4a-i show an embodiment of a process for forming a
device; and

FIGS. 5a-b show impact ionization of devices.

DETAILED DESCRIPTION

Embodiments generally relate to semiconductor devices or
integrated circuits (ICs). More particularly, some embodi-
ments relate to high power devices. For example, high power
devices include lateral double-diffused (LD) transistors, such
as metal oxide transistors (MOS). The high power devices can
be employed as switching voltage regulators for power man-
agement applications. The LD transistors can be easily inte-
grated into devices or ICs. The devices or ICs can be incor-
porated into or used with, for example, consumer electronic
products, particularly portable consumer products, such as
cell phones, laptop computers and personal digital assistants
(PDAs).

FIG. 1a shows a cross-sectional view of a portion 100 of an
embodiment of a device and FIG. 15 shows a corresponding
top view at the gate level. The device, for example, is an IC.
Other types of devices may also be useful. As shown, the
device includes a substrate 105. The substrate, for example, is
a silicon substrate. Other types of substrates, such as silicon
germanium, germanium, gallium arsenide, or crystal-on-in-
sulator (COI) such as silicon-on-insulator (SOI), are also
useful. The substrate maybe a doped substrate. For example,
the substrate can be lightly doped with p-type dopants. Pro-
viding a substrate with other types of dopants or concentra-
tions, including no dopants, may also be useful.

The device may include doped regions having different
dopant concentrations. For example, the device may include
heavily doped (x*), intermediately doped (x) and lightly
doped (x7) regions, where X is the polarity type which can be
p or n. A lightly doped region may have a dopant concentra-
tion of about 1E11-1E13/cm?, and an intermediately doped
region may have a dopant concentration of about 1E13-E14/
cm?, and a heavily doped region may have a dopant concen-
tration of about 1E15-1E17/cm?. Providing other dopant con-
centrations for the different doped regions may also be useful.
P-type dopants may include boron (B), aluminum (Al),
indium (In) or a combination thereof, while n-type dopants
may include phosphorous (P), arsenic (As), antimony (Sb) or
a combination thereof.

The substrate includes a device region. The device region,
for example, is a high voltage (HV) device region for a high
voltage device, such as a high voltage transistor. In one
embodiment, the device region includes a LD transistor 120.
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Providing other types of devices in the device region may also
be useful. The substrate may also include regions for other
types of circuitry, depending on the type of device or IC. For
example, the device may also include regions for intermediate
voltage (IV) and low voltage (LV) voltage devices as well as
an array region for memory devices.

Isolation regions may be provided for isolating or separat-
ing different regions of the substrate. In one embodiment, the
device region is isolated from other regions by a device iso-
lation region 180. For example, the device isolation region
surrounds the device region. The isolation region, for
example, is a shallow trench isolation (STI) region. Other
types of isolation regions may also be employed. For
example, the isolation region may be a deep trench isolation
(DTI) region. The STI regions, for example, extend to a depth
of about 2000-5000 A. In the case of DTI regions, the depth
may be about 1-10 pm. Providing isolation regions which
extend to other depths may also be useful.

The transistor includes a gate 140 on the surface of the
substrate. The width of the gate along a channel length direc-
tion of the transistor, for example, is about 0.5-10 um. The
gate, for example, includes a gate electrode 144 over a gate
dielectric 142. The gate dielectric, for example, may be sili-
con oxide while the gate electrode may be polysilicon. The
gate dielectric, for example, may be a high voltage gate
dielectric having a thickness of about 30-1000 A while the
gate electrode may be about 500-5000 A thick. In some
embodiments, the gate electrode may be a doped electrode.
For example, the gate electrode may be polysilicon doped
with first polarity type dopants. Other types of gate dielectrics
and gate electrodes as well as thicknesses may also be useful.
For example, the gate dielectric may be a high k gate dielec-
tric and/or the gate electrode may be a metal gate electrode.
Other configurations of gate layers of the gate may also be
useful.

The transistor also includes first and second doped regions
132 and 134 disposed in the substrate on first and second sides
of'the gate. For example, the first doped region is disposed on
the first side of the gate and the second doped region is
disposed on the second side of the gate. The doped regions, in
one embodiment, are heavily doped with first polarity type
dopants for a first type transistor. For example, the doped
regions are heavily doped n-type n* regions for a n-type
transistor. Providing heavily doped p-type (p*) regions may
also be useful for a p-type transistor. The heavily doped
regions, for example, have a dopant concentration of about
1E15-1E16/cm?. Other dopant concentrations for the doped
regions may also be useful. The depth of the doped regions
may be about 0.1-0.4 pm. Providing doped regions having
other depths may also be useful. Additionally, it is not neces-
sary that the first and second doped regions have the same
depth.

In one embodiment, the first doped region serves as a
source region of the transistor. The source region is adjacent
to the first side and underlaps the gate. The underlap portion
should be sufficient for the source region to be in communi-
cation with the channel under the gate. The underlap portion
may be, for example, about 0.1-0.5 um. An underlap portion
which underlaps the gate by other amounts may also be use-
ful. In one embodiment, the underlap portion of the source
region is a lightly doped source (LDS) region.

Sidewalls of the gate may be provided with dielectric spac-
ers 148. The dielectric spacers, for example, may be silicon
oxide spacers. Other types of dielectric materials may also be
useful, such as silicon nitride or a combination of dielectric
materials or layers. For example, the spacers may be compos-
ite spacers. The spacers may include an offset spacer and
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main spacer. The offset spacers may facilitate forming the
LDS region while the main spacers facilitate forming heavily
doped source and drain regions. Other configurations of spac-
ers may also be useful. For example, the spacer may be a
single spacer. The LDS region is formed prior to forming the
spacers while the spacers facilitate forming the heavily doped
source and drain regions. In some cases, the transistor may
also include halo regions. Halo regions are second polarity
doped regions abutting the S/D regions proximate to the gate.

In some embodiments, a dielectric etch stop layer (not
shown) is formed over the transistors. The etch stop layer, for
example, is a silicon nitride etch stop layer. Other types of
etch stop layers may also be useful. The etch stop layer should
have a material which can be selectively removed from a
dielectric layer 190 thereover. The etch stop layer facilitates
in forming contact plugs to contact regions of the transistor,
such as the gate electrode and doped regions. In some
embodiments, the etch stop layer may also serve as a stress
layer for applying a stress on the channel of the transistor to
improve performance.

In one embodiment, an internal isolation region 185 is
provided within the device region. The internal isolation
region may be an STI region. Other types of isolation regions
may also be useful. Preferably, the internal isolation region is
the same type of isolation region as the device isolation
region. Providing an internal isolation region which is differ-
ent from the device isolation region may also be useful. The
internal isolation region, for example, is disposed in the
device region along a channel width direction of the transistor
between the gate and drain. The internal isolation, for
example, extends from one side to the other side of the device
region along the channel width direction. Other configura-
tions of the device and internal isolation regions may also be
useful. As shown, the internal isolation region underlaps the
gate. For example, the internal isolation region extends under
the second side of the gate by about 0.1-0.3 um. Providing an
internal isolation region which extends under the second side
of the gate by other width may also be useful. Providing the
internal isolation region which underlaps the gate protects the
edge of the gate dielectric from high electric field during
operation. The width of the internal isolation region, for
example, may be about 0.2-5 pm. Other widths may also be
useful, depending on the drain voltage. The width and depth
of'the internal isolation region may determine a drift length of
the transistor.

A drift well 150 is disposed in the substrate. The drift well,
in one embodiment, is disposed in the device region. For
example, the drift well is disposed between the gate and the
drain region, under-lapping a portion of the gate. As shown,
the drift well encompasses the drain and the internal device
isolation region. In one embodiment, the depth or bottom of
the drift well is below the drain region. In one embodiment,
the depth or bottom of the drift well is below the device
isolation and internal device isolation regions. In one embodi-
ment, the drift well is contiguous and encompasses the drain
region and at least overlaps a portion of the active region
underneath the gate. The distance from the drain and around
the internal isolation region to the channel under the gate is
the drift distance of the transistor.

The drift well includes first polarity type dopants. In one
embodiment, the dopant concentration of the drift well is
lower than the dopant concentration of the drain. In one
embodiment, the drift well may be lightly (x™) or intermedi-
ately (x) doped with first polarity type dopants. For example,
the dopant concentration of the drift well is about 1E12-1E14/
cm?®. Other dopant concentrations may also be useful. For
example, the dopant concentration may depend on the maxi-
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mum or breakdown voltage requirement of the device. The
depth of the drift well may be about 0.1-5 um depending on
the design voltage of the device.

A device well 170 is disposed in the substrate. In one
embodiment, the device well is disposed within the device
isolation region. For example, the device well is disposed
within the device isolation region, encompassing the source,
drain, drift well and internal device isolation region. In one
embodiment, the depth or bottom of the device well is below
the source, drain and drift well. In one embodiment, the depth
or bottom of the device well is below the device isolation
region and internal device isolation region. Providing a
device well which is shallower than or at the same depth as the
drift well may also be useful. In one embodiment, the device
well has about the same depth as the drift well, as shown in
FIG. 1c. For example, the device well may be on both sides of
the drift well. Other configurations of the device and drift well
may also be useful. For example, the drift well may only be on
one side of the drift well encompassing the source region and
channel of the device.

The device well includes second polarity dopants for a first
polarity type device. For example, the device well comprises
p-type dopants for an n-type device or n-type dopants for a
p-type device. The dopant concentration may depend on the
voltage requirement of the device. The device well may be
lightly (x) or intermediately (x) doped with first polarity type
dopants. Other dopant concentration for the device well, for
example, dopant concentration greater than that of the lightly
doped substrate, may also be useful.

Salicide contacts 128 may be formed on the gate electrode
of the gate and source and drain regions. The salicide con-
tacts, for example, may be nickel-based contacts. Other types
of metal salicide contacts may also be useful. For example,
the salicide contact may be cobalt silicide (CoSi). The sali-
cide contacts may be about 100-500 A thick. Other thickness
of salicide contacts may also be useful. The salicide contacts
may be employed to reduce contact resistance and facilitate
contact to the back-end-of-line metal interconnects.

During operation of the transistor, the first doped region
will have a first potential while the second doped region will
have a second opposite potential. The second potential, for
example, is with respect to the first potential. The first poten-
tial, for example, may be a low potential while the second
potential may be a high potential. Providing a first potential
which is a high potential and a second potential which is a low
potential may also be useful. For example, in the case of a
n-type transistor, the source is at a low potential, such as
ground or OV while the drain is at a high potential, such as
6-30V, during operation. Other values for the high and low
potentials may also be useful, depending on the operating
parameters of the transistor. Since the drain has a higher
potential than the gate, the drain side of the gate has high
impact ionization due to the high electric field. For a p-type
transistor, the drain is at a low potential, such as ground or 0
V while the source and gate are at a high potential, such as
6-30 V. Other values for the high and low potentials may also
be useful, depending on the operating parameters of the tran-
sistor. The high voltage at the source or drain can cause
breakdown ofthe dielectric layer, which renders the transistor
inoperable.

In one embodiment, a field structure 160 is provided. The
field structure, in one embodiment, is a conductive ring struc-
ture disposed on the substrate and surrounds the drain of the
transistor. For example, the ring structure is disposed on the
internal isolation region and device isolation region surround-
ing the drain. The field structure serves to distribute the elec-
tric field across the substrate between the drain and the gate.
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This reduces impact ionization at the gate edge, which
improves gate dielectric breakdown voltage.

The field structure, during operation, is coupled to an oppo-
site potential than the drain. For example, if the drain is at a
high potential relative to the source, then the field structure is
coupled to a low potential. In the case where the drain is at a
low potential, than the field structure is coupled to a high
potential. In one embodiment, the field structure is coupled to
the source. For example, the field structure is coupled to the
first potential. In another embodiment, the field structure is
coupled to the substrate or the device well. In other embodi-
ments, the field structure is coupled either to the substrate or
the source, depending on which results in the larger voltage
differential. In yet other embodiments, the field structure may
be coupled to both the source and substrate, in the case where
the source and substrate are at the same potential. Coupling
the field structure to an opposite potential independent of the
source and/or the substrate may also be useful. Other con-
figurations of providing the field structure with an opposite
potential than the drain is also useful.

In one embodiment, in the case of a n-type transistor, the
field structure is coupled to a low potential, such as ground or
0 V. Coupling the field structure to other potential which is
lower than the drain potential may also useful. In the case of
a p-type transistor, the field structure is coupled to a high
potential, such as 6-30V. In both n and p-types transistors, the
greater the difference between the potentials at the field struc-
ture and the drain, the better the distribution of electric field
between the gate and drain. This reduces impact ionization at
the gate, improving or increasing the dielectric breakdown
voltage.

The field structure, in one embodiment, is formed of a
conductive material. The conductive material, for example,
may be polysilicon. In one embodiment, the conductive mate-
rial is doped polysilicon. Other types of conductive materials,
such as metals, may also be used. In a preferred embodiment,
the field structure has the same composition as the gate of the
transistor. For example, the field structure may include a gate
dielectric with a gate electrode thereover. A silicide contact
may also be provided over the field structure, like the gate.
Providing a field structure which has the same composition as
the gate simplifies the process. For example, the gate and field
structure can be formed simultaneously. In other embodi-
ments, the field structure may have a different composition
from the gate.

A conductive line 198 disposed in a dielectric layer 190
may be used to couple the source and field structure by con-
tact plugs 194 and 195. The dielectric layer, for example, is a
silicon oxide layer. In one embodiment, the dielectric layer is
a high aspect ratio process (HARP) dielectric material. Other
types of dielectric materials are also useful. For example, the
dielectric layer can be formed from doped silicon oxide such
as fluorinated silicon oxide (FSG), undoped or doped silicate
glasses such as boron phosphate silicate glass (BPSG) and
phosphate silicate glass (PSG), undoped or doped thermally
grown silicon oxide, undoped or doped TEOS deposited sili-
con oxide, and low-k or ultra low-k dielectric materials such
as organo-silicate glass (OSG) and fluorine-doped silicate
glass (FSG). The dielectric layer should be capable of selec-
tively etched or patterned with respect to the etch stop layer.

The dielectric layer includes upper and lower portions. The
upper portion serves as an intra-metal dielectric (IMD) layer
in which conductive lines are formed. The lower portion
serves as an interlevel dielectric (ILD) layer in which contact
plugs are formed. In one embodiment, the ILD layer is a
pre-metal dielectric (PMD) layer in which contact plugs are
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formed to contact regions on the substrate, such as contact
regions to the transistors, including the source, drain and gate.

In one embodiment, the upper and lower portions are sepa-
rate portions. For example, the conductive lines and plugs are
formed using separate processes, such as single damascene
processes. Other techniques for forming the conductive lines
and plugs may also be useful. For example, reactive ion etch
(RIE) techniques may also be used or a combination of RIE
and damascene techniques may also be useful.

For the case where the contact plugs and conductive lines
are formed using separate processes, the conductive materials
of the plugs and lines may be different. In one embodiment,
the contact plugs are tungsten (W) plugs while the conductive
lines are copper lines. Other types of materials for the plugs
and conductive lines are also useful. For example, the con-
ductive lines may be aluminum lines. In other embodiments,
the conductive plugs and lines may be formed using a dual
damascene process. In such cases, the conductive plugs and
lines are of the same material.

The presence of the field structure disperses the electric
field across the substrate between the drain and the gate to
reduce impact ionization at the gate edge. This improves gate
dielectric breakdown voltage without increasing the distance
between the gate and drain which increases Rds_,,.

FIG. 2a shows a cross-sectional view of a portion 100 of
another embodiment of a device and FIG. 25 shows a corre-
sponding top view at the gate level. The device is similar to
that shown in FIGS. 1a-b. As such, similar features may not
be described or described in detail. In one embodiment, the
device is formed on a substrate 105. The substrate, for
example, is a silicon substrate. Other types of semiconductor
substrates may also be useful. In one embodiment, the sub-
strate is a p— substrate. Providing a substrate having other
types of dopants or dopant concentrations, including an
undoped substrate, may also be useful.

The substrate includes a first polarity type drift well 150
and a second polarity type device well 170. The drift well
encompasses the drain 134 and underlaps a portion of the gate
from the second side. The device well encompasses the
source 132 and the channel of the transistor. The wells, for
example, may be lightly or intermediately doped with respec-
tive polarity type dopants. In one embodiment, the drift well
is disposed within the device well. For example, the depth of
the device well is deeper than the drift well. In other embodi-
ments, device and drift wells are about the same depth. For
example, the device well may be on both sides of the drift
well. Other configurations of the device and drift well may
also be useful. The drift well, for example, may only be on one
side of the drift well encompassing the source region and
channel of the device.

In one embodiment, a well contact 135 is provided. The
well contact is disposed in the device well from a surface
portion ofthe substrate. The well contact, in one embodiment,
is heavily doped with second polarity typed dopants. For
example, the well contact region is a p* contact for an n-type
transistor. Providing a n* contact may also be useful for a
p-type transistor. Other dopant concentrations for the well
contact may also be useful. The depth of the well contact, for
example, may be about the same as the source or drain.
Providing a contact having other depths may also be useful.
The well contact provides a contact to the device well to, for
example, bias the device well.

The well contact, in one embodiment, is isolated from the
source by an internal isolation region 185. In some embodi-
ments, no internal isolation region is provided to separate the
well contact and source. Other configurations of the source
and well contact may also be useful.
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In one embodiment, the well contact, the source and the
field structure 160 are commonly coupled. For example, a
conductive line 198 disposed in a dielectric layer 190 may be
used to commonly couple the source, field structure and well
tap region by contact plugs 194, 195 and 196. The device well,
source and field structure, for example, may be coupled to the
second opposite potential. In other embodiments, the field
structure may be coupled to either the device well contact or
the source. Other configurations of coupling the well contact,
source and field structure may also be useful.

FIGS. 3a-b show cross-sectional views of other embodi-
ments of devices 100. The devices are similar to those shown
in FIGS. 1a-b and FIGS. 2a-b. As such, similar features may
not be described or described in detail.

Referring to FIG. 3a, the device is formed on a base sub-
strate 105. The substrate, for example, is a silicon base sub-
strate. Providing other types of base substrates may also be
useful. In one embodiment, the base substrate is a p* base
substrate. Providing a base substrate having other types of
dopants or dapant concentrations, including an undoped base
substrate, may also be useful.

In one embodiment, a surface substrate 110 is provided
over the base substrate. The surface substrate, for example, is
a silicon surface substrate. The surface substrate may be a
silicon epitaxial (epi) surface substrate. Other types of surface
substrates may also be useful. The surface substrate, in one
embodiment, is a p~ surface substrate. Providing a surface
substrate having other types of dopants or dopant concentra-
tions, including an undoped base substrate, may also be use-
ful.

The surface substrate includes a first polarity type drift well
150 and a second polarity type device well 170. In one
embodiment, the surface substrate should be sufficiently
thick to accommodate the drift and device wells. The drift
well encompasses the drain 134 and underlaps a portion of the
gate from the second side. The device well encompasses the
source 132 and the channel of the transistor. The wells, for
example, may be lightly or intermediately doped with respec-
tive polarity type dopants. In one embodiment, the drift well
is disposed within the device well. For example, the depth of
the device well is deeper than the drift well. In other embodi-
ments, device and drift wells are about the same depth. For
example, the device well may be on both sides of the drift
well. Other configurations of the device and drift well may
also be useful. The drift well, for example, may only be on one
side of the drift well encompassing the source region and
channel of the device.

In one embodiment, a well contact 135 is provided. The
well contact is disposed in the device well from a surface
portion ofthe substrate. The well contact, in one embodiment,
is heavily doped with second polarity typed dopants. For
example, the well contact region is a p* contact for an n-type
transistor. Providing a n* contact may also be useful for a
p-type transistor. Other dopant concentrations for the well
contact may also be useful. The depth of the well contact, for
example, may be about the same as the source or drain.
Providing a contact having other depths may also be useful.
The well contact provides a contact to the device well to, for
example, bias the device well.

The well contact, in one embodiment, is isolated from the
source by an internal isolation region 185. In some embodi-
ments, no internal isolation region is provided to separate the
well contact and source. Other configurations of the source
and well contact may also be useful.

In one embodiment, the well contact, the source and the
field structure 160 are commonly coupled. For example, a
conductive line 198 disposed in a dielectric layer 190 may be
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used to commonly couple the source, field structure and well
tap region by contact plugs 194,195 and 196. The device well,
source and field structure, for example, may be coupled to the
second opposite potential. In other embodiments, the field
structure may be coupled to either the device well contact or
the source. Other configurations of coupling the well contact,
source and field structure may also be useful.

Referring to FIG. 35, the device is formed on a base sub-
strate 105. The substrate, for example, is a silicon base sub-
strate. Providing other types of base substrates may also be
useful. In one embodiment, the base substrate is a p~ base
substrate. Providing a base substrate having other types of
dopants or dopant concentrations, including an undoped base
substrate, may also be useful.

In one embodiment, a surface substrate 110 is provided
over the base substrate. The surface substrate, for example, is
a silicon surface substrate. The surface substrate may be a
silicon epitaxial (epi) surface substrate. Other types of surface
substrates may also be useful. The surface substrate, in one
embodiment, is a p~ surface substrate. Providing a surface
substrate having other types of dopants or dopant concentra-
tions, including an undoped base substrate, may also be use-
ful.

The over substrate, in one embodiment, is provided with an
opposite polarity type buried well 115 than the base and
surface substrates. The opposite polarity type buried well, for
example, is a heavily doped opposite polarity type buried
well. The opposite polarity type buried well, for example, is a
n* buried well for p-type surface and base substrates. For
example, the surface substrate is a p— surface substrate, the
buried well is a n* buried well and the base substrate is a p~
base substrate. The buried well may be a part of the base
substrate. For example, the buried well may be formed by
implanting dopants into the base substrate. Other configura-
tions of the surface substrate, buried well and base substrate
are also useful.

The surface substrate, in one embodiment, includes a first
polarity type drift well 150 and a second polarity type device
well 170. In one embodiment, the surface substrate should be
sufficiently thick to accommodate the drift and device wells.
The drift well encompasses the drain 134 and underlaps a
portion of the gate from the second side. The device well
encompasses the source 132 and the channel of the transistor.
The wells, for example, may be lightly or intermediately
doped with respective polarity type dopants. In one embodi-
ment, the drift well is disposed within the device well. For
example, the depth of the device well is deeper than the drift
well. In other embodiments, device and drift wells are about
the same depth. For example, the device well may be on both
sides of the drift well. Other configurations of the device and
drift well may also be useful. The drift well, for example, may
only be on one side of the drift well encompassing the source
region and channel of the device.

In one embodiment, a well contact 135 is provided. The
well contact is disposed in the device well from a surface
portion ofthe substrate. The well contact, in one embodiment,
is heavily doped with second polarity typed dopants. For
example, the well contact region is a p* contact for an n-type
transistor. Providing a n* contact may also be useful for a
p-type transistor. Other dopant concentrations for the well
contact may also be useful. The depth of the well contact, for
example, may be about the same as the source or drain.
Providing a contact having other depths may also be useful.
The well contact provides a contact to the device well to, for
example, bias the device well.

The well contact, in one embodiment, is isolated from the
source by an internal isolation region 185. In some embodi-

20

40

45

55

65

10

ments, no internal isolation region is provided to separate the
well contact and source. Other configurations of the source
and well contact may also be useful.

In one embodiment, the well contact, the source and the
field structure 160 are commonly coupled. For example, a
conductive line 198 disposed in a dielectric layer 190 may be
used to commonly couple the source, field structure and well
tap region by contact plugs 194, 195 and 196. The device well,
source and field structure, for example, may be coupled to the
second opposite potential. In other embodiments, the field
structure may be coupled to either the device well contact or
the source. Other configurations of coupling the well contact,
source and field structure may also be useful.

Itis understood that the various substrate configurations of
FIGS. 3a-b may also be applicable to the device of FIGS.
1a-c. In other embodiments, the substrate may be a crystalline
on insulator (COI) type of substrate, such as a silicon-on-
insulator (SOI) substrate. A COI substrate includes base and
surface substrates separated by a buried insulator layer. Fur-
thermore, the various configurations of wells as well as other
features can be applied to the different embodiments of the
device.

FIGS. 4a-h show cross-sectional views of an embodiment
of'a process for forming a device 200. Referring to FIG. 4a, a
substrate 105 is provided. The substrate, in one embodiment,
is a silicon substrate. The substrate may be a doped substrate,
such as a p~ substrate. Other types of substrates, such as a
germanium-based, gallium arsenide, COI such as SOI, or
sapphire, may also be useful. The substrates may be doped
with other types of dopants or dopant concentrations.

In some embodiment, the substrate may include a base
substrate with an surface substrate disposed thereon. The base
and surface substrates may be, for example, silicon. In one
embodiment, the surface substrate is an epi surface substrate.
Other types of semiconductor materials for the base and sur-
face substrates may also be useful. It is understood that the
base and surface substrates need not be the same material.

In one embodiment, the base substrate is a p* substrate and
the surface substrate is a p~ substrate. Providing substrates
with other dopant concentrations or different types of
dopants, including no dopants, may also be useful. In some
embodiments, a buried well of the opposite polarity as the
surface substrate may be provided. The buried well, for
example, may be aheavily doped well of the opposite polarity
as the surface substrate. In one embodiment, a n* buried well
is to separate the p— surface epi substrate from a p- base
substrate. The n* buried well may be a part of the base sub-
strate. Other configurations of base substrate, surface sub-
strate and buried well may also be useful.

As shown, a device region is defined on the substrate.
Although one device region is shown, it is however under-
stood that the substrate may include various types of regions
(not shown). For example, the substrate may include other
device regions for other types of devices. The IC may include
logic regions in which logic devices are formed. Depending
on the type of IC formed, the logic regions, for example, may
include regions for different voltage devices. For example,
the logic regions may include regions for high voltage (HV)
devices, medium or intermediate voltage (IV) devices and
low voltage (LV) devices. Other configurations of logic
regions may also be useful. Additionally, other types of
device regions may also be provided.

In one embodiment, the device region is a HV region. The
device region, for example, serves as a device region fora LD
transistor. Providing a device region for other types of devices
may also be useful. The device region is separated from other
regions by a device isolation region 180. The device isolation
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region surrounds the device region. In one embodiment, the
device region also includes an internal device isolation region
185 to separate the device region into first and second device
sub-regions. For example, the internal device isolation region
separates the device region into first and second sub-regions
on the surface of the substrate.

In one embodiment, an internal isolation region 185 is
provided within the device region. The internal isolation
region, for example, is disposed in the device region along a
channel width direction of the transistor between the gate and
drain. The internal isolation, for example, extends from one
side to the other side of the device region along the channel
width direction.

The isolation regions are, for example, STIs. Various pro-
cesses can be employed to form the ST regions. For example,
the substrate can be etched using etch and mask techniques to
form trenches which are then filled with dielectric materials
such as silicon oxide. Chemical mechanical polishing (CMP)
can be performed to remove excess oxide and provide a planar
substrate top surface. Other processes or materials can also be
used to form the STIs. The depth of the STIs may be, for
example, about 2000-6000 A. Other depths for the STIs may
also be useful. In other embodiments, the isolation may be
other types of isolation regions. Also, the device and internal
isolation regions may be different types of isolation regions.

As shown in FIG. 45, a doped well 150 is formed in the
device region. The doped well serves as a drift well for the
device. In one embodiment, the drift well is disposed in a
portion of the device region. The drift well, for example,
encompasses the internal isolation region and a portion of the
device isolation region on a second side of the device region.
The depth of the drift well, for example, may be about 0.1-5
pum. Providing a drift well of other depths may also be useful.
The depth of the drift well, for example, may depend on the
device operation voltage. The drift well includes first polarity
type dopants for a first polarity type device. For example, a
n-type drift well is provided for a n-type device. The n-type
drift well, for example, may include phosphorus dopants.
Forming a p-type drift well for a p-type device may also be
useful. In one embodiment, the drift well may be lightly or
intermediately doped with first polarity type dopants. Other
dopant concentration for the first drift well may also be use-
ful.

In some embodiment, a device doped well is formed in the
device region, as shown in FIG. 4¢. The device well serves as
abody well for the transistor. The device well includes second
polarity type dopants. In one embodiment, the device well is
a lightly doped device well. For example, the dopant concen-
tration of the device well is about 1B13-1E14/cm®. The
device well, in one embodiment, encompasses the drift well
and internal isolation region. In one embodiment, the device
well encompasses a portion of the device isolation region,
internal isolation region and drift well. The depth of the
device well, for example, is about 0.5-6 um. Other depths for
the device well may also be useful. In other embodiments, the
device well and drift well may have about the same depth. For
example, the device well may be on both sides of the drift
well. Other configurations of the device and drift well may
also be useful. The drift well, for example, may only be on one
side of the drift well encompassing the source region and
channel of the device.

To form a doped well, an implant mask which exposes the
device region is used. The implant mask, for example, com-
prises photoresist patterned by a lithographic mask. Dopants
are implanted into the substrate using the implant mask. The
dopants are implanted with the appropriate dose and power.
Separate implant processes with respective implant masks are
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used to form doped wells of different polarity types. For
example, separate processes are used to form the drift and
device wells. In one embodiment, the device well is formed
prior to forming the drift well. In some embodiments, a doped
well may be formed by, for example, performing multiple
implants at different energies. For example, the device well
may be formed using multiple implant processes. Other con-
figurations of implant processes may also be employed to
form the wells.

The implant processes used to form the device wells may
be compatible or the same as processes used to form other
similar types of wells in the device. For example, the pro-
cesses may be compatible with those used in current CMOS
processes for forming similar types of wells. For example, the
device well may be formed at the same time as the low voltage
device or intermediate voltage device well. This allows the
same lithographic mask of the current CMOS implant mask
to be used to pattern the implant mask for the device well. For
example, the current CMOS implant mask may be custom-
ized to include the device well opening. In other embodi-
ments, a separate device well mask may be used to specifi-
cally tailor for the doping of the device well. In such cases, the
same mask can also be used to form the second device well.

An anneal is performed. In one embodiment, the anneal is
performed after the drift and device wells are formed. The
anneal activates the dopants. In other embodiments, separate
anneals may be performed for the drift and device wells. For
example, an anneal may be performed after forming a doped
well.

As shown in FIG. 44, gate layers of a gate are formed on the
substrate. In one embodiment, the gate layers include a gate
dielectric layer 242 on the substrate and a gate electrode layer
244 thereon. The gate dielectric layer, for example, is silicon
oxide. The thickness of the gate dielectric layer may be about
30-1000 A. For example, the gate dielectric layer is a high
voltage gate dielectric layer. The gate dielectric layer may be
formed by thermal oxidation. For example, the dielectric
layer is formed by wet oxidation followed by annealing the
substrate in an oxidizing ambient. The temperature of the wet
oxidation can be, for example, about 600-1000° C. The
annealing can be, for example, performed at a temperature of
about 1000° C.

As for the gate electrode layer, it may be polysilicon. The
thickness of the gate electrode layer may be about 500-5000
A. Other thickness may also be useful. The gate electrode
layer may be formed by, for example, CVD. Other techniques
for forming the gate electrode layer may also be useful. The
gate electrode layer can be formed as an amorphous or non-
amorphous layer. In one embodiment, the gate electrode layer
is polysilicon doped with first type dopants. The concentra-
tion of dopants in the gate electrode layer may be about
1E14-1E15/cm?>. Various techniques may be employed to
dope the gate electrode, for example, in-situ doping or ion
implantation.

Other types of gate dielectric and gate electrode materials
or thicknesses may also be useful. For example, the gate
dielectric material may be a high k dielectric material while
the gate electrode may be a metal gate electrode material.
Other configuration of gate layers may also be useful. For
example, the gate dielectric and/or gate electrode layers may
have multiple layers. The layers can be formed by various
techniques, such as thermal oxidation, CVD and sputtering.

Referring to FIG. 4e, a mask layer 249 is formed on the
substrate. The mask layer, for example, is formed over the
gate electrode layer. In one embodiment, the mask layer is a
soft mask layer, such as a photoresist layer. An exposure
source may selectively expose the photoresist layer through a
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reticle containing the desired pattern. After selectively expos-
ing the photoresist layer, it is developed to form openings
corresponding to locations when the gate layers are to be
removed. To improve lithographic resolution, an anti-reflec-
tive coating (ARC) may be used below the photoresist layer.

In other embodiments, the mask layer may be a hard mask
layer. The hard mask layer, for example, may comprise TEOS
or silicon nitride. Other types of hard mask materials may also
be used. The hard mask layer may be patterned using a soft
mask, such as a photoresist.

The patterned mask layer serves as an etch mask for a
subsequent etch process, as shown in FIG. 4f. For example,
the etch transfers the pattern of the mask to the gate layers.
The etch removes the gate layers unprotected by the mask,
exposing the substrate. The etch, for example, may be an
anisotropic etch, such as reactive ion etch (RIE). Other types
of etch processes may also be useful. In one embodiment, an
RIE is employed to pattern the gate layers to form a gate 140.
In one embodiment, the etch patterns the gate layers to form
the gate and a field structure 160 surrounding a drain region of
the substrate defined by the internal isolation and device
isolation regions.

As described, the gate and field structure are formed in the
same etch process using the gate layers. In other embodiment,
the gate and field structure are formed using different pro-
cesses. This allows the gate and field structure to have difter-
ent materials. For example, after the gate is formed, a con-
ductive layer is formed on the substrate and patterned to form
the field structure. Other techniques for forming the gate and
field structure using different processes may also be useful.

In one embodiment, lightly doped regions 232 and 234 are
formed on the substrate in the source and drain regions of the
device. The lightly doped regions have first polarity type
dopants. To form the lightly doped regions, first polarity type
dopants are implanted into the substrate. The implant, for
example, may be self-aligned with respect to the device
region. For example, the implant may be doped into the sub-
strate unprotected by the gate, field structure and isolation
regions. The depth of the lightly doped regions, for example,
is about 0.1-0.4 pm. The implant dose may be from about
5E12-5E13/cm? and the implant energy may be from 10-100
KeV. Other implant parameters may also be useful.

Sidewall spacers 148 are formed on the sidewalls of the
gates and the field structure. To form the sidewall spacers, a
dielectric layer is deposited on the substrate. The dielectric
layer, for example, may be silicon oxide. Other types of
dielectric material, such as silicon nitride, may also be used.
The dielectric layer may be formed by CVD. The dielectric
layer may also be formed using other techniques. The thick-
ness of the dielectric layer may be, for example, 300-1000 A.
Other thickness for the dielectric layer may also be useful.
The thickness, for example, may depend on the desired width
of the spacers. An anisotropic etch, such as RIE, may be
performed to remove horizontal portions of the dielectric
layer, leaving spacers on the sidewalls of the gate. In some
applications, the spacer may be formed from multiple dielec-
tric layers.

Referring to FIG. 4g, heavily doped regions 132 and 134
are formed in the source and drain regions on the substrate.
The heavily doped regions have first polarity type dopants.
Forming the heavily doped regions include implanting first
polarity type dopants into the substrate. The implant, like the
one that forms the lightly doped regions, is self-aligned with
respect to the device region. For example, the implant may be
doped into the substrate unprotected by the gate, field struc-
ture and isolation regions. In this case, the sidewall spacers
cause the heavily doped source region to be offset, creating a
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source which includes a lightly doped source portion and a
heavily doped deeper portion. The depth of the lightly doped
regions, for example, is about 0.1-0.4 pum. The implant dose
may be about SE12-5E13/cm? and the implant energy may be
10-100 KeV. Other implant parameters may also be useful.
This forms a LD transistor 120.

In one embodiment, salicide contacts 128 are formed on
contact regions of the transistor as shown in FIG. 44. For
example, the salicide contacts are formed on the gate and
source and drain of the transistor. In one embodiment, a
salicide contact is also formed over the field structure. The
salicide contacts are to facilitate low resistance contacts
between the active substrate and the BEOL metal lines. In one
embodiment, the thickness is about 200 A. Providing other
thicknesses may also be useful.

To form the salicide contacts, a metal layer is deposited on
the surface of the substrate. The metal layer, for example, may
be nickel or an alloy thereof. Other types of metallic layers,
such as cobalt, or alloys thereof, including nickel, may also be
used. The metal layer can be formed by Physical Vapor Depo-
sition (PVD). Other types of metal elements and/or be formed
by other types of processes can also be useful.

A first anneal may be performed. The first anneal diffuses
the metal dopants into the active substrate, forming a silicided
layer. The first anneal, for example, is performed at a tem-
perature of about 300-600° C. for about 10-60 seconds.
Excess metal not used in the silicidation of the active surface
is removed by, for example, a wet removal process. For
example, unreacted metal material is removed selective to the
salicide contacts. A second anneal may be performed to
enhance the material properties of the silicided layer, for
example, lower resistivity. The first and second annealing
processes may be arapid thermal anneal (RTA). Other anneal-
ing parameters or techniques may also be useful to form the
salicide contacts.

Referring to FIG. 4, a dielectric layer 190 is formed on the
substrate, covering the transistor. A dielectric etch stop layer
may be formed over the transistors prior to forming the
dielectric layer. The etch stop layer, for example, is a silicon
nitride etch stop layer. Other types of etch stop layers may
also be useful. The etch stop layer should have a material
which can be selectively removed from the dielectric layer
thereover. The etch stop layer facilitates in forming via plugs
to contact regions of the transistor, such as the gate electrode
and S/D regions. In some embodiments, the etch stop layer
may also serve as a stress layer for applying a stress on the
channel of the transistor to improve performance. Various
techniques, such as CVD, may be employed to form the etch
stop layer.

The dielectric layer serves as an interconnect dielectric
layer in which interconnects are formed to couple to the
various contact regions or terminals of the transistor. The
dielectric layer, for example, is a silicon oxide layer. In one
embodiment, the dielectric layer is a high aspect ratio process
(HARP) dielectric material. Other types of dielectric materi-
als are also useful. For example, the dielectric layer can be
formed from doped silicon oxide such as fluorinated silicon
oxide (FSG), undoped or doped silicate glasses such as boron
phosphate silicate glass (BPSG) and phosphate silicate glass
(PSG), undoped or doped thermally grown silicon oxide,
undoped or doped TEOS deposited silicon oxide, and low-k
or ultra low-k dielectric materials such as organo-silicate
glass (OSG) and fluorine-doped silicate glass (FSG). The
dielectric layer should be capable of selectively etched or
patterned with respect to the etch stop layer.

The dielectric layer includes upper and lower portions. The
upper portion serves as an intra-metal dielectric (IMD) layer
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in which conductive lines are formed. The lower portion
serves as an interlevel dielectric (ILD) layer in which contact
plugs are formed. In one embodiment, the ILD layer is a
pre-metal dielectric (PMD) layer in which contact plugs are
formed to contact regions on the substrate, such as contact
regions to the transistors, including the source, drain and gate.

In one embodiment, the upper and lower portions are sepa-
rate portions. For example, the conductive lines and plugs are
formed using separate processes, such as single damascene
processes. For example, via openings are formed in the PMD
layer using, for example, mask and etch processes, such as
RIE. The via openings are filled with a conductive material.
Excess conductive material is removed by, for example, CMP
to form a planar top surface with exposed contact plugs in the
via openings. Thereafter, the IMD layer is formed over the
PMD layer. Trenches are formed in the IMD layer using mask
and etch processes. The trenches correspond to conductive
lines and are in communication with contact plugs in the
PMD layer. The trenches are filled with a conductive material.
Excess conductive materials are removed by, for example,
CMP to provide a planar top surface with exposed intercon-
nect lines. Other techniques for forming the conductive lines
and plugs as well as the use of other types of conductive
materials may also be useful. For example, reactive ion etch
(RIE) techniques may also be used or a combination of RIE
and damascene techniques may also be useful.

For the case where the contact plugs and conductive lines
are formed using separate processes, the conductive material
of the plugs and lines may be different. In one embodiment,
the contact plugs are tungsten (W) plugs while the conductive
lines are copper lines. Other types of materials for the plugs
and conductive lines are also useful. For example, the con-
ductive lines may be aluminum lines. In other embodiments,
the conductive lines and plugs may be formed using a dual
damascene process. In such cases, the conductive lines and
plugs are of the same material.

In one embodiment, contact plugs 194 and 195 are formed
in the lower portion of the dielectric layer. The contact plugs
are coupled to the source and to the field structure. The con-
tact plugs are interconnected by a conductive line 198 in the
upper portion of the dielectric layer. This interconnects the
field structure to the source. In other embodiments, the source
and field structure are not interconnected. In such cases, the
field structure is interconnected to a low potential source
which is lower than the drain. In one embodiment, the field
structure is interconnected to ground or OV. Coupling the field
structure to other low potential sources is also useful.

In other embodiments, a well contact is provided. The well
contact is disposed in the device well from a surface portion
of the substrate. The well contact, in one embodiment, is
heavily doped with second polarity typed dopants. For
example, the well contact region is a p* contact for an n-type
transistor. Providing a n* contact may also be useful for a
p-type transistor. Other dopant concentrations for the well
contact may also be useful. The depth of the well contact, for
example, may be about the same as the source or drain.
Providing a contact having other depths may also be useful.
The well contact provides a contact to the device well to, for
example, bias the device well.

The well contact, in one embodiment, is isolated from the
source by an internal isolation region. In some embodiments,
no internal isolation region is provided to separate the well
contact and source. Other configurations of the source and
well contact may also be useful.

In one embodiment, the well contact, the source and the
field structure 160 are commonly coupled. For example, a
conductive line disposed in a dielectric layer may be used to
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commonly couple the source, field structure and well tap
region by contact plugs. The device well, source and field
structure, for example, may be coupled to the second opposite
potential. In other embodiments, the field structure may be
coupled to either the device well contact or the source. Other
configurations of coupling the well contact, source and field
structure may also be useful.

FIGS. 5a-b show impact ionization of transistors with and
without a field structure. Referring to FIG. 3a, impart ioniza-
tion 330 of the transistor 120 without a field structure is
concentrated at a drain side of the gate. On the other hand,
impact ionization 340 of the transistor of FIG. 36 with the
field structure is distributed across the substrate from the
drain to the gate. By distributing the impact ionization across
the substrate, for example, from the drain side of the gate and
under the isolation region to the drain, an increase in dielectric
breakdown voltage can be achieved.

Table 1 shows TCAD simulation results of a transistor with
and without the field structure. The dimensions of the tran-
sistors are identical. As can be seen, the breakdown voltage
increases from 29.3 V to 34.5 V by employing a field struc-
ture.

TABLE 1

Device parameter Without fleld structure  With fleld structure

Idlin(uA/um)
Breakdown Voltage(V)

12
29.3

12
345

The invention may be embodied in other specific forms
without departing from the spirit or essential characteristics
thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the
invention described herein. Scope of the invention is thus
indicated by the appended claims, rather than by the forego-
ing description, and all changes that come within the meaning
and range of equivalency of the claims are intended to be
embraced therein.

The invention claimed is:

1. A device comprising:

a substrate having a device region, wherein the device
region comprises a source region, a gate region and a
drain region defined thereon;

a gate disposed on the gate region;

a field structure surrounding the drain region without sur-
rounding the source region;

a source and a drain in the source region and drain region,
wherein the drain is separated from the gate on a second
side of the gate and the source is adjacent to a first side of
the gate; and

an interconnection to the field structure, the interconnec-
tion is coupled to a potential, wherein the potential dis-
tributes the electric field across the substrate between the
second side of the gate and the drain.

2. The device of claim 1 wherein the field structure is a
conductive ring structure disposed on the substrate and sur-
rounds the drain.

3. The device of claim 1 comprising an internal device
isolation region along a channel width direction in the sub-
strate between the gate and the drain.

4. The device of claim 3 comprising a drift well in the
substrate between the gate and drain region and underlaps a
portion of the gate.

5. The device of claim 4 wherein the drift well encom-
passes the drain and internal device isolation region.
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6. The device of claim 4 comprising an isolation region,
wherein the isolation region isolates the device region from
other regions of the device.

7. The device of 6 comprising a device well, wherein the
device well is disposed within the isolation region.

8. The device of claim 7 wherein the device well encom-
passes the source, drain, drift well and internal device isola-
tion region.

9. The device of claim 7 wherein the device well comprises
second polarity type dopants and the drift well comprises first
polarity type dopants, wherein the first and second polarity
types are different.

10. The device of claim 9 comprising a well contact which
is disposed in the device well from a surface portion of the
substrate and the well contact comprises heavily doped sec-
ond polarity type dopants.

11. The device of claim 10 wherein the well contact, source
and field structure are commonly coupled to a conductive line
through contact plugs.

12. The device of claim 7 wherein the drift well is about the
same depth as the device well.

13. The device of claim 1 wherein the device is a NMOS
transistor.

14. The device of claim 13 wherein the potential to which
the interconnection is coupled is lower than a potential
coupled to the drain.

15. The device of claim 1 wherein the device is a PMOS
transistor.

16. The device of claim 15 wherein the potential to which
the interconnection is coupled is higher than a potential
coupled to the drain.

17. The device of claim 1 wherein:

the field structure comprises a gate electrode and a gate

dielectric under the gate electrode; and

the source and field structure are commonly coupled to a

conductive line through contact plugs.
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18. A device comprising:

a substrate having a device region, wherein the device
region comprises a source region, a gate region and a
drain region defined thereon, and wherein the substrate
comprises a base substrate and a surface substrate dis-
posed over the base substrate, the surface substrate com-
prises lightly doped second polarity type dopants;

a gate disposed on the gate region;

a field structure surrounding the drain region;

a source and a drain in the source region and drain region,
wherein the drain is separated from the gate on a second
side of the gate and the source is adjacent to a first side of
the gate; and

an interconnection to the field structure, the interconnec-
tion is coupled to a potential, wherein the potential dis-
tributes the electric field across the substrate between the
second side of the gate and the drain.

19. The device of claim 1 wherein the substrate comprises

a base substrate, a surface substrate having lightly doped
second polarity type dopants disposed over the base substrate
and a buried well disposed between the base and surface
substrate, wherein the buried well comprises heavily doped
first polarity type dopants.

20. A device comprising:

a substrate having a device region, wherein the device
region comprises a gate and first and second doped
regions disposed in the substrate, wherein the second
doped region is separated from the gate on a second side
of the gate and the first doped region is adjacent to a first
side of the gate;

a field structure surrounding only the second doped region
without surrounding the first doped region; and

an interconnection to the field structure, the interconnec-
tion is coupled to a potential, wherein the potential dis-
tributes the electric field across the substrate between the
second side of the gate and the second doped region.
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